EMBOLIC PROTECTION FILTERING DEVICE 

Field of the Invention 
The invention pertains to embolic protection filtering devices. More particularly, 
the invention pertains to embolic protection filtering devices with an improved filter wire. 
5 Background 

Heart and vascular disease are major problems in the United States and 
throughout the world. Conditions such as atherosclerosis result in blood vessels 
becoming blocked or narrowed. This blockage can result in lack of oxygenation of the 
heart, which has significant consequences since the heart muscle must be well 
10 oxygenated in order to maintain its blood pumping action. In addition, blockages in 
cranial areas or in vessels adjacent the brain could lead to considerable complications 
such as stroke. 

Occluded, stenotic, or narrowed blood vessels may be treated with a number of 
relatively non-invasive medical procedures including percutaneous transluminal 

1 5 angioplasty (PTA), percutaneous transluminal coronary angioplasty (PTC A), and 

atherectomy. Angioplasty techniques typically involve the use of a balloon catheter. The 
balloon catheter is advanced over a guidewire such that the balloon is positioned adjacent 
a stenotic lesion. The balloon is then inflated and the restriction of the vessel is opened. 
During an atherectomy procedure, the stenotic lesion may be mechanically cut away from 

20 the blood vessel wall using an atherectomy catheter. 

During angioplasty and atherectomy procedures, embolic debris can be separated 
from the wall of the blood vessel. If this debris enters the circulatory system, it could 
block other vascular regions including the neural and pulmonary vasculature. During 
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angioplasty procedures, stenotic debris may also break loose due to manipulation of the 
blood vessel. Because of this debris, a number of devices, termed embolic protection 
devices, have been developed to filter out this debris. 

Typically, embolic protection filtering devices include a filter attached to a shaft 

5 or filter wire. Because the vasculature of a patient may be very tortuous, it may be 
desirable to combine a number of performance features into the filter wire. For example, 
it is sometimes desirable that the filter wire have a relatively high level of pushability and 
torqueability, particularly near its proximal end. It is also sometimes desirable that the 
filter wire be relatively flexible, particularly near its distal end. A number of different 

10 filter wire structures and assemblies are known, each having certain advantages and 
disadvantages. However, there is an ongoing need to provide alternative filter wire 
structures and assemblies. 

Brief Summary 

The invention pertains to embolic protection filtering devices. In at least some 
15 embodiments, an embolic protection filtering device includes an elongate shaft or filter 
wire having a filter coupled thereto. The filter wire may include a first section, a second 
section, and a connector assembly connecting the first and second sections. Some of the 
other structural features and characteristics are described in more detail below. The 
above summary of some embodiments is not intended to describe each disclosed 
20 embodiment or every implementation of the present invention. The Figures, and Detailed 
Description which follow more particularly exemplify these embodiments. 

Brief Description of the Drawings 
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The invention may be more completely understood in consideration of the 
following detailed description of various embodiments of the invention in connection 
with the accompanying drawings, in which: 

Figure 1 is a partial side view of an example medical device; 
5 Figure 2 is a partial cross-sectional view of an example medical device; 

Figure 3 is a cross-sectional view of the connection of a proximal section and 
distal section of an example filter wire; 

Figure 4 is another cross-sectional view of the connection of a proximal section 
and distal section of an example filter wire; 
10 Figure 5 is another cross-sectional view of the connection of a proximal section 

and distal section of an example filter wire; 

Figure 6 is another cross-sectional view of the connection of a proximal section 
and distal section of an example filter wire; 

Figure 7 is another cross-sectional view of the connection of a proximal section 
1 5 and distal section of an example filter wire; 

Figure 8 is a partial cross-sectional view of another example medical device; and 

Figure 9 is a partial cross-sectional view of another example medical device. 

While the invention is amenable to various modifications and alternative forms, 
specifics thereof have been shown by way of example in the drawings and will be 
20 described in detail. It should be understood, however, that the intention is not to limit the 
invention to the particular embodiments described. On the contrary, the intention is to 
cover all modifications, equivalents, and alternatives falling within the spirit and scope of 
the invention. 
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Detailed Description 

For the following defined terms, these definitions shall be applied, unless a 
different definition is given in the claims or elsewhere in this specification. 

All numeric values are herein assumed to be modified by the term "about," 
5 whether or not explicitly indicated. The term "about" generally refers to a range of 
numbers that one of skill in the art would consider equivalent to the recited value (i.e., 
having the same function or result). In many instances, the terms "about" may include 
numbers that are rounded to the nearest significant figure. 

Weight percent, percent by weight, wt%, wt-%, % by weight, and the like are 
10 synonyms that refer to the concentration of a substance as the weight of that substance 
divided by the weight of the composition and multiplied by 100. 

The recitation of numerical ranges by endpoints includes all numbers within that 
range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5). 

As used in this specification and the appended claims, the singular forms "a", 
15 "an", and "the" include plural referents unless the content clearly dictates otherwise. As 
used in this specification and the appended claims, the term "or" is generally employed in 
its sense including "and/or" unless the content clearly dictates otherwise. 

The following detailed description should be read with reference to the drawings 
in which similar elements in different drawings are numbered the same. The drawings, 
20 which are not necessarily to scale, depict illustrative embodiments and are not intended to 
limit the scope of the invention. 

When a clinician performs an intravascular intervention such as angioplasty, 
atherectomy, and the like, embolic debris may dislodge from the blood vessel that can 



travel in the bloodstream to a position where it may impair blood flow, possibly leading 
to tissue damage. A number of other situations and/or interventions may also result in the 
mobilization of embolic debris. Accordingly, embolic protection filtering devices have 
been developed that can be disposed in the blood vessel downstream of the treatment site 
5 and expanded to capture debris. 

Figure 1 illustrates an example embolic protection filtering device 10 that can be 
used to filter embolic debris. Filtering device 10 includes an elongate shaft 12 having an 
embolic protection filter 14 coupled thereto. In some embodiments, shaft 12 can be a 
guidewire or filter wire. Some of the features and characteristics of suitable filter wires 

10 are described in more detail below. However, shaft 12 may include any suitable medical 
device such as a catheter (e.g., therapeutic, diagnostic, or guide catheter), endoscopic 
device, laproscopic device, or any other suitable device. Additionally, in other 
embodiments, shaft 12 may be a tubular filter cartridge configured to be slidable over a 
guidewire, filter wire, or other medical device. 

15 Filter 14 may include a filter membrane or material 16 coupled to a filter frame or 

loop 18. Filter material 16 can be drilled (for example, formed by known laser 
techniques) or otherwise manufactured to include a plurality of openings 20. The holes 
or openings 20 are sized to allow blood flow therethrough but restrict flow of debris or 
emboli floating in the body lumen or cavity. Filter 14 and/or frame 18 may be adapted to 

20 operate between a first generally collapsed configuration and a second generally 
expanded configuration for collecting debris in a body lumen. Shifting between the 
expanded and collapsed configuration may be accomplished in a number of ways. For 
example, frame 18 may include a shape-memory material such as nickel-titanium alloy 
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that may render frame 18 "self-expanding" (to bias filter 14 to be in the second expanded 
configuration). Accordingly, filter 14 can be collapsed in a suitable delivery device and 
advanced through the vasculature to the desired location. The delivery device can then 
be proximally retracted so that filter 14 emerges from the distal end of the delivery device 
5 and expands. It can be appreciated that a number of different materials can be used to 
manufacture filter 14 such as metals, metal alloys, and polymers such as those listed 
below. Additionally, frame 18 may include a radiopaque material or include, for 
example, a radiopaque wire disposed about a portion thereof. 

One or more struts 22 may extend between frame 18 and shaft or filter wire 12 
10 and be coupled to filter wire 12 by a coupling 24. Coupling 24 may be one or more 
windings of struts 22 about filter wire 12 or be a fitting disposed over an end of struts 22 
to attach it to filter wire 12. It can be appreciated that in embodiments where shaft 12 
comprises a tubular filter cartridge, struts 22 would extend between frame 18 and the 
filter cartridge. 

15 A partial cross-sectional side view of device 10 is shown in Figure 2. Here it can 

be seen that shaft or filter wire 12 may include a proximal section 26, a distal section 28, 
a connector 30 for coupling proximal and distal sections 26/28, and a covering or sheath 
32. Proximal and distal sections 26/28 may have a solid cross-section as shown, or a 
hollow cross-section, and may be formed of any materials suitable for use, dependent 

20 upon the desired properties of the guidewire. In some embodiments, proximal section 26 
may include a relatively stiff material, for example stainless steel such as 304V, 304L, 
and 316L stainless steel, or the like, or other suitable materials. Alternatively, proximal 
section 26 may include another metal or metal alloy, for example a nickel-titanium alloy 
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such as a superelastic (i.e. pseudoelastic) or linear elastic nitinol; nickel-chromium alloy; 
nickel-chromium-iron alloy; cobalt alloy; tungsten or tungsten alloys; tantalum or 
tantalum alloys, gold or gold alloys, MP35-N (having a composition of about 35% Ni, 
35% Co, 20% Cr, 9.75% Mo, a maximum 1% Fe, a maximum 1% Ti, a maximum 0.25% 

5 C, a maximum 0.15% Mn, and a maximum 0.15% Si); or other suitable metals, or 
combinations or alloys thereof; or the like; or a polymer material such as a high 
performance polymer. In general, the material used to construct proximal section 26 may 
be selected to be relatively stiff for pushability and torqueability. However, other 
embodiments are contemplated. 

10 In some embodiments, distal section 28 may be formed of a relatively flexible 

material such as a super elastic or linear elastic alloy (e.g., nickel-titanium) wire, or 
alternatively, a polymer material, such as a high performance polymer. Alternatively, 
distal section 28 may include a metal or metal alloy including any of those listed above, 
other suitable metals, combinations or alloys thereof, or the like, or other suitable 

15 materials. In general, the material used to construct distal section 28 may be selected to 
be relatively flexible for trackability. However, other embodiments are contemplated. 

In some particular embodiments, proximal section 26 and/or distal section 28 may 
include nitinol. The word nitinol was coined by a group of researchers at the United 
States Naval Ordinance Laboratory (NOL) who were the first to observe the shape 

20 memory behavior of this material. The word nitinol is an acronym including the 
chemical symbol for nickel (Ni), the chemical symbol for titanium (Ti), and an acronym 
identifying the Naval Ordinance Laboratory (NOL). In some embodiments, nitinol alloys 
can include in the range of about 50 to about 60 weight percent nickel, with the 
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remainder being essentially titanium. It should be understood, however, that in other 
embodiment, the range of weight percent nickel and titanium, and or other trace elements 
may vary from these ranges. Within the family of commercially available nitinol alloys, 
are categories designated as "superelastic" (i.e. pseudoelastic) and "linear elastic" which, 
5 although similar in chemistry, exhibits distinct and useful mechanical properties. 

In some embodiments, a superelastic alloy, for example a superelastic nitinol can 
be used to achieve desired properties. Such alloys typically display a substantial 
"superelastic plateau" or "flag region" in its stress/strain curve. Such alloys can be 
desirable in some embodiments because a suitable superelastic alloy will provide a 

10 portion of the shaft 12 that exhibits some enhanced ability, relative to some other non- 
superelastic materials, of substantially recovering its shape without significant plastic 
deformation, upon the application and release of stress, for example, during placement of 
the catheter in the body. 

In some other embodiments, a linear elastic alloy, for example a linear elastic 

15 nitinol can be used to achieve desired properties. For example, in some embodiments, 
certain linear elastic nitinol alloys can be generated by the application of cold work, 
directional stress, and heat treatment, such that the material fabricated does not display a 
substantial "superelastic plateau" or "flag region" in its stress/strain curve. Instead, in 
such embodiments, as recoverable strain increases, the stress continues to increase in a 

20 somewhat linear relationship until plastic deformation begins. In some embodiments, the 
linear elastic nickel-titanium alloy is an alloy that does not show any martensite/austenite 
phase changes that are detectable by DSC and DMTA analysis over a large temperature 
range. For example, in some embodiments, there is no martensite/austenite phase 
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changes detectable by DSC and DMTA analysis in the range of about ~60°C to about 
120°C, and in other embodiments, in the range of about -100°C to about 100°C. The 
mechanical bending properties of such material are therefore generally inert to the effect 
of temperature over a broad range of temperature. In some particular embodiments, the 
5 mechanical properties of the alloy at ambient or room temperature are substantially the 
same as the mechanical properties at body temperature. In some embodiments, the use of 
the linear elastic nickel-titanium alloy allows the shaft to exhibit superior "pushability" 
around tortuous anatomy. One example of a suitable nickel-titanium alloy exhibiting at 
least some linear elastic properties is FHP-NT alloy commercially available from 

10 Furukawa Techno Material Co. of Kanagawa, Japan. Additionally, some examples of 
suitable nickel-titanium alloy exhibiting at least some linear elastic properties include 
those disclosed in U.S. Patent Nos. 5,238,004 and 6,508,803, which are incorporated 
herein by reference. 

Proximal section 26 and/or distal section 28 may include one or more tapered 

15 regions. For example, distal section 28 may include tapered regions 36 and 38. Between 
tapered regions 36/38 there may be a constant diameter region 40. Of course, the 
number of tapered regions and constant diameter regions is not intended to be limited to 
what is shown as any appropriate numbers of such structures may be used. An end 
portion 44 may also be defined that has a geometry that generally decreases in cross 

20 sectional area toward the distal end thereof. In some embodiments, these tapers 36/38 
and/or constant diameter region 40 are adapted and/or configured to obtain a transition in 
stiffness, and provide a desired flexibility characteristic. Formation of tapers 36/38 may 
include typical grinding protocols such as those described below. A wire or ribbon 46 
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maybe disposed adjacent distal section 28 (e.g., coupled to distal section 28 at bond 42), 
and extend distally of end portion 44. In some embodiments, wire or ribbon 46 can be a 
fabricated or formed wire structure, for example a coiled wires, as will be seen in 
embodiments discussed in more detail below. In some embodiments, wire or ribbon 46 
5 can function as a shaping structure or a safety structure. 

It will be understood by those of skill in the art and others that a broad variety of 
materials, dimensions, and structures can be used to construct suitable embodiments, 
depending upon the desired characteristics. The following examples of some dimensions 
are included by way of example only, and are not intended to be limiting. In some 

10 embodiments, proximal section 26 may have a diameter in the range of 0.01 to 0.05 
inches and a length in the range of about 50 to about 190 inches. Distal section 28 may 
have a diameter that ranges from about 0.02 to about 0.002 inches or so, and a length in 
the range of 3 to 40 inches. Constant diameter region 40 may have an outer diameter in 
the range of about 0.001 to about 0.02 inches. Constant diameter region 40 may have a 

15 length in the range of about 0.5 to about 25 inches. Tapered regions 36/38 may each 
have lengths in the range of about 0.5 to about 2 inches or so and may vary from each 
other. Some other examples of dimensions, materials, and configurations for device 10, 
shaft 12, and the various components thereof can be found in U.S. Patent Application No. 
10/086,992 entitled "Composite Guidewire", filed on February 28, 2002, which is 

20 incorporated herein by reference. 

Although Figure 2 depicts filter 14 as being coupled to filter wire 12 at distal 
section 28, this need not be the case as filter 14 can be disposed at essentially any 
position along filter wire 12. The position of filter 14 relative to connector 30 may also 
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vary. For example, Figure 2 depicts filter 14 being disposed distally of connector 30. 
However, filter 14 may be disposed proximally of connector without departing from the 
spirit of the invention. Moreover, some embodiments of filter wire 12 may include more 
than one connector 30 (e.g., device 510 as illustrated in Figure 9) so that filter 12 may be 
5 disposed between two connectors 30. Additionally, some embodiments may include 
more than one filter 14. 

The form of sheath or covering 32 may also vary. For example, Figure 2 depicts 
covering 32 as being a polymer sheath disposed over a portion of distal section 28. In 
other embodiments, other structures, for example a helical coil or spring tip may be used, 

10 for example, as discussed below. In the embodiment shown, sheath 32 extends from 
about tapered region 36 to beyond end portion 44 and forms a rounded tip 48. In other 
embodiments, sheath 32 can extend further in a proximal direction, and in some cases can 
extend over connector 30, or over proximal section 26. In yet other embodiments, sheath 
32 can begin at a point distal of tapered region 36. 

15 Material for use as the sheath 32 include any material that would give the desired 

strength, flexibility or other desired characteristics. Some suitable materials include 
polymers, and like material. Some examples of suitable polymers may include 
polytetrafluoroethylene (PTFE), ethylene tetrafluoroethylene (ETFE), fluorinated 
ethylene propylene (FEP), polyoxymethylene (POM), polybutylene terephthalate (PBT), 

20 polyether block ester, polyurethane, polypropylene (PP), polyvinylchloride (PVC), 

polyether-ester (for example a polyether-ester elastomer such as ARNITEL® available 
from DSM Engineering Plastics), polyester (for example a polyester elastomer such as 
HYTREL® available from DuPont), polyamide (for example, DURETHAN® available 
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from Bayer or CRISTAMED® available from Elf Atochem), elastomeric polyamides, 
block polyamide/ethers, polyether block amide (PEBA, for example available under the 
trade name PEBAX®), silicones, polyethylene (PE), Marlex high-density polyethylene, 
Marlex low-density polyethylene, linear low density polyethylene (for example 
5 REXELL®), polyethylene terephthalate (PET), polyetheretherketone (PEEK), polyimide 
(PI), polyetherimide (PEI), polyphenylene sulfide (PPS), polyphenylene oxide (PPO), 
polysulfone, nylon, perfluoro(propyl vinyl ether) (PFA), other suitable materials, or 
mixtures, combinations, copolymers thereof, polymer/metal composites, and the like. In 
some embodiments sheath 32 can be blended with a liquid crystal polymer (LCP). For 

10 example, the mixture can contain up to about 5% LCP. This has been found to enhance 
torqueability. By employing selection of materials and processing techniques, 
thermoplastic, solvent soluble, and thermosetting variants of these and other materials 
can be employed to achieve the desired results. 

The use of a polymer for sheath 32 can serve several functions. The use of a 

1 5 polymer can improve the flexibility properties of distal section 28. Choice of polymers 
for sheath 32 will vary the flexibility. For example, polymers with a low durometer or 
hardness will make a very flexible or floppy tip. Conversely, polymers with a high 
durometer will make a tip which is stiffen The use of polymers for the sleeve can also 
provide a more atraumatic tip for shaft 12. An atraumatic tip is better suited for passing 

20 through fragile body passages. Finally, a polymer can act as a binder for radiopaque 
materials, which may aid in the visualization of shaft 12. 

Sheath 32 can be disposed around and attached to shaft 12 using any suitable 
technique for the particular material used. In some embodiments, sheath 32 is attached 
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by heating a sleeve of polymer material to a temperature until it is reformed around the 
distal section 28 (and ribbon 46). In some other embodiments, sheath 32 can be attached 
using heat shrinking, extrusion, adhesive bonding, a mechanical fitting or interlocking, or 
other suitable techniques. Sheath 32 may be finished, for example, by a centerless 
grinding or other method, to provide the desired diameter and to provide a smooth outer 
surface. 

In some embodiments, sheath 32, or portions thereof, can include, or be doped 
with, radiopaque material to make sheath 32, or portions thereof, more visible when using 
certain imaging techniques, for example, fluoroscopy techniques. Any suitable 
radiopaque material known in the art can be used. Some examples include precious 
metals, tungsten, barium subcarbonate powder, and the like, and mixtures thereof. In 
some embodiments, sheath 32 can include different sections having different amounts of 
loading with radiopaque material. In some embodiments, it is also contemplated that a 
separate radiopaque member or a series of radiopaque members, such as radiopaque coils, 
bands, tubes, or other such structures could be attached to shaft 12 or sheath 32, or 
portions thereof, or incorporated into it by plating, drawing, forging, or ion implantation 
techniques. 

Additionally, in some embodiments, a coating, for example a lubricious (e.g., 
hydrophylic) or other type of coating may be applied over portions or all of sheath 32, 
and/or other portions of shaft 12. Hydrophobic coatings such as fluoropolymers provide 
a dry lubricity which improves the handling of shaft 12 and device exchanges. Lubricious 
coatings improve steerability and improve lesion crossing capability. Suitable lubricious 
polymers are well known in the art and may include hydrophilic polymers such as 
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polyarylene oxides, polyvinylpyrolidones, polyvinylalcohols, hydroxy alkyl cellulosics, 
algins, saccharides, caprolactones, and the like, and mixtures and combinations thereof. 
Hydrophilic polymers may be blended among themselves or with formulated amounts of 
water insoluble compounds (including some polymers) to yield coatings with suitable 
lubricity, bonding, and solubility. Some other examples of such coatings and materials 
and methods used to create such coatings can be found in U.S. Patent Nos. 6,139,510 and 
5,772,609, which are incorporated herein by reference. In some embodiments, distal 
section 28 may be coated with a hydrophilic polymer as discussed above, and proximal 
section 26 may be coated with a ftuoropolymer, such as polytetrafluroethylene (PTFE). 

Figure 3 illustrates a cross-sectional side view of connector 30, connecting 
proximal section 26 and distal section 28. Connector 30 may comprise a tubular structure 
such as a hypotube as shown, a coiled wire, or any other suitable structure. Connector 
may have an inside diameter sized appropriately to receive the distal end 64 of proximal 
portion 26 and the proximal end 66 of distal portion 28, and can have an outside diameter 
sufficient to accommodate a final grinding procedure. It should be understood by those 
of skill in the art and others that a broad variety of materials, dimensions, and structures 
can be used for connector 30, dependent upon the desired characteristics and structures 
being connected. The following examples of some dimensions and materials, therefore, 
are included by way of example only, and are not intended to be limiting. In some 
example embodiments, connector 30 can have an inner diameter in the range of about 
0.005 to about 0.02 inches, and an outer diameter in the range of about 0.01 to about 
0.025 inches. In some particular embodiments, connector 30 can have and inner diameter 
of about 0.010 inches and an outer diameter of about 0.014 inches. The final diameter of 
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filter wire 12 and connector 30 may be in the range of 0.010 to 0.018 inches, for example. 
Connector 30 may have a length of about 1.0 to 3.0 inches. However, in some other 
embodiments, this type of construction can be applied to wires of larger diameter 
intended, for example, for peripheral intervention purposes. Such wires could range as 
5 large as 0.035 or larger in diameter and therefore have an extended length connector and 
correspondingly longer overlapping sections. 

Connector 30 may include a metal or metal alloy, and may include radiopaque 
materials. Suitable metals and metal alloys include stainless steels, nickel-titanium alloys 
(e.g., nitinol), nickel-chromium alloys, nickel-chromium-iron alloys, cobalt alloys, nickel, 

10 or other suitable materials. Alternatively, connector 30 may include a polymer or a 
metal-polymer composite, including a radiopaque filler. Some types of alloys are 
particularly suitable for connector 30 for purposes of connecting a stainless steel 
proximal section 26 and a nickel titanium alloy distal section 28, or visa-versa. An 
example is a nickel-chromium-iron alloy designated UNS N06625 and is available under 

15 the trade name ENCONEL 625, which advantageously welds to both stainless steels and 
nickel-titanium alloys. INCONEL 625 wire may be obtained from California Fine Wire 
Company of Grover Beach, California, and has the following typical composition: 



Material 


Symbol 


% by wgt 


Aluminum 


Al 


0.140 


Carbon 


C 


0.070 


Chromium 


Cr 


21.900 


Cobalt 


Co 


0.010 


Copper 


Cu 


0.030 


Iron 


Fe 


2.790 


Manaanese 


Mn 


0.030 


Molybdenum 


Mo 


9.150 


Nickel 


Ni 


62.000 


Niobium 


Nb 


3.540 


Phosphorus 


P 


0.005 
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Silicon 


Si 


0.230 


Sulfur 


S 


0.009 


Titanium 


Ti 


0.250 


Tantalum 


Ta 


0.010 



Another example of a suitable alloy which welds to both stainless steels and 
nickel-titanium alloys is designated UNS 10276 and is available under the trade name 
ALLOY C276 from Fort Wayne Metals Research Products Corporation of Fort Wayne, 
5 Indiana, which has the following typical composition: 



Material 


Symbol 


% by wgt 


Carbon 


C 


0.003 


Chromium 


Cr 


15.810 


Cobalt 


Co 


1.310 


Copper 


Cu 


0.100 


Iron 


Fe 


5.730 


Manganese 


Mn 


0.520 


Molybdenum 


Mo 


16.010 


Nickel 


Ni 


57.000 


Phosphorus 


P 


0.008 


Silicon 


Si 


0.020 


Sulfur 


S 


0.005 


Tungsten 


W 


3.570 


Vanadium 


V 


0.160 



Another example of a suitable alloy which welds to both stainless steels and 
nickel-titanium alloys is of the Hastelloy family and an example of which is available 
under the trade name ALLOY B2 from Fort Wayne Metals Research Products 
10 Corporation of Fort Wayne, Indiana, which has the following typical composition: 



Material 


Svmbol 


% by wgt 


Carbon 


C 


0.005 


Chromium 


Cr 


0.450 


Cobalt 


Co 


0.110 


Copper 


Cu 


0.030 


Iron 


Fe 


1.410 


Manaanese 


Mn 


0.150 


Molybdenum 


Mo 


27.720 


Nickel 


Ni 


70.000 


Phosphorus 


P 


0.004 


Silicon 


Si 


0.020 
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Sulfur 


S 


0.002 


Tungsten 


W 


0.140 



To manufacture filter wire 12, the ends 64/66 of the proximal and distal guidewire 
26/28 may be ground to form a desired shape. For example, Figures 3 and 4 illustrate 
that ends 64/66 may be ground to include a taper. In the tapered embodiments illustrated 
5 in Figures 2-4, the ends 64/66 may be tapered or otherwise formed to have a mating 
geometry that gradually decreases in cross sectional area toward the middle of connector 
30. The tapered overlapping portion may define a uniform or a non-uniform transition of 
the sections 26/28, depending on the transition characteristics desired. For example, the 
end sections 26/28 may be linearly tapered as shown, tapered in a curvilinear fashion, or 

10 tapered in a step-wise fashion. If tapered linearly as shown, the angle of the taper may 
vary. Using the longitudinal center axis of filter wire 12 as a reference, as measured from 
the extreme ends of the end sections 64/66, the angle of the taper is acute (i.e., less than 
90 degrees), and may be in the range of 5 degrees to 45 degrees, for example. Varying 
the angle of the tapered ends 64/66 also varies the length of the overlapping joint in 

15 accordance with geometric principles. The length of the overlapping joint may be 
selected to obtain a more (longer length) or less (shorter length) gradual transition in 
stiffness. 

This tapered arrangement may be desirable, for example, by allowing the 
flexibilities of proximal section 26 and distal section 28 to be blended. For example, 
20 proximal section 26 may comprise a first material having a first flexibility and distal 
section 28 may comprise a second (differing) material having a second flexibility. By 
overlapping ends 64/66 the differing flexibilities, the transition between flexibility can be 
made to be more gradual. The overlapping joint, thus, blends the stiffness of proximal 
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section 26 and distal section 28 by combining the properties of each end section 64/66 
making up the cross section of the overlapping joint. Thus, the joint forms a flexibility 
transition region that has a relative flexibility that is between the flexibility of the 
proximal section 26 and the flexibility of the distal section 28. 
5 To assemble filter wire 12, connector 30 can be positioned over the ends 64/66 of 

the proximal and distal sections 26/28 as shown in Figure 3. The proximal and distal 
sections 26/28 and connector 30 may be bonded, welded (e.g., resistance or laser 
welded), soldered, brazed, or otherwise connected by a suitable technique depending on 
the material selected for each component. It is to be appreciated that various welding 

10 processes may be utilized without deviating from the spirit and scope of the present 
invention. Examples of welding processes which may be suitable in some applications 
include LASER welding, resistance welding, TIG welding, microplasma welding, 
electron beam, and friction or inertia welding. LASER welding equipment which may be 
suitable in some applications is commercially available from Unitek Miyachi of 

15 Monrovia, California and Rofin-Sinar Incorporated of Plymouth, Michigan. Resistance 
welding equipment which may be suitable in some applications is commercially available 
from Palomar Products Incorporated of Carlsbad, California and Polaris Electronics of 
Olathe, Kansas. TIG welding equipment which may be suitable in some applications is 
commercially available from Weldlogic Incorporated of Newbury Park, California. 

20 Microplasma welding equipment which may be suitable in some applications is 
commercially available from Process Welding Systems Incorporated of Smyrna, 
Tennessee. Alternatively, the ends 64/66 and connector 30 may be crimped together or 
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may be sized to establish a mechanical connection, such as an interlocking or friction fit 
therebetween. 

Once connected, connector 30 and proximal and distal sections 26/28 can be 
finished, for example, through centerless grinding to provide a smooth and uniform 
5 profile across connector 30 as shown in Figure 4, and to straighten out small 
misalignments between proximal and distal sections 26/28. Other portions of filter wire 
12 may be ground as well to provide the desired tapers and changes in diameter. Once 
finally ground, in some embodiments, a flexible coil tip and/or a polymer jacket tip or 
combination thereof, and other such structure, such as radiopaque markers, safety and/or 

10 shaping ribbons (coiled or uncoiled), and the like, may be placed on filter wire 12. 
Additionally, in some embodiments, a coating, for example a lubricious (e.g., 
hydrophylic) or other type of coating may be applied to all or portions of filter wire 12 
including those described above. 

The centerless grinding technique may utilize an indexing system employing 

15 sensors (e.g., optical/reflective, magnetic) to avoid excessive grinding of connector 30. 
In some embodiments, the presence of dissimilar materials in the construction can 
influence the grinding technique and tooling used to accomplish uniform material 
removal, create smooth transitions, and successfully bridge across adjacent components. 
In addition, the centerless grinding technique may utilize a CBN or diamond abrasive 

20 grinding wheel that is well shaped and dressed to avoid grabbing connector 30 during the 
grinding process. 

The embodiment of Figure 5 is similar to the embodiment of Figures 3 and 4, 
except that connector 130 between proximal section 126 and distal section 128 does not 
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utilize an overlapping joint, but rather uses a butt joint. The embodiment of Figure 6 is 
also similar to the previously shown embodiments, except that connector 230 between 
proximal section 226 and distal section 228 utilizes an overlapping joint that is not 
tapered. In some embodiments, ends 264/266 can be configured to interlock. Ends 
5 264/266 may interlock in a number of manners such as by including mechanical 
interlocking features, such as bulbous structures, grooves, ridges, roughened surfaces, etc. 
Collectively, Figures 3-6 illustrate that the precise connection between proximal and 
distal sections 26/28 can vary to include any suitable arrangement. 

Figure 7 illustrates another example connection that may include a connector 330, 

10 a connector material 370, or both to secure ends 364/366 of proximal and distal sections 
326/328. One example connector material 370 comprises a bismuth alloy. Some further 
discussion on the use of bismuth alloys can be found in U.S. Patent Application No. 
10/375,766 entitled "Composite Medical Device", filed on February 26, 2003, which is 
incorporated herein by reference. The bismuth alloy connector materials, for example 

15 connector material 370, for use in making the connection are adapted and configured to 
have the characteristic of expansion or growth upon or after solidification. In at least 
some embodiments, although normal thermal shrinkage of the liquid bismuth alloy may 
take place during cooling of the liquid, the crystalline structure that forms during 
solidification occupies a larger volume than the same mass of liquid. When the bismuth 

20 alloy connector material 370 are confined within a predetermined space, for example 
within an opening in a connector structure, compressive forces are generated as the alloy 
solidifies and expands or grows within the space. 
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Some examples of suitable bismuth alloy connector materials 370 include alloys 
of bismuth including additional alloying elements such as tin, indium, cadmium, lead, 
and the like. Due to the fact that the final medical device will make contact with or be 
inserted into a living body, in some embodiments, the alloy should include only elements 
5 that are known to be acceptable for contact with the body. For example, bismuth alloys 
including elements such as tin, indium, or the like, may be more acceptable for contact 
with the body. Some example alloys can include in the range of about 4 to about 80 wt. 
% bismuth, with the remainder being other alloying elements. Some examples of suitable 
alloys, and example ranges of wt. % of components within some alloys, and some 
10 specific examples of such alloys, include those having the ranges of components as 
illustrated in Table 1 as follows: 



Table 1 



Type of alloy: 


Range of components in 
some embodiments: 


One example of a specific 
alloy falling within these 
ranges: 


Bismuth-Tin alloy 


35 to 45 wt. % Bi, and 
55 to 65 wt. % Sn 


40 wt. 

60 wt. % Sn 


Bismuth-Tin alloy 


53 to 63 wt. % Bi, and 
37 to 47 wt. % Sn 


58 wt. % Bi, and 
42 wt. % Sn 


Bismuth-Indium alloy 


2 to 10 wt. %Bi, and 
90 to 98 wt. % In 


5 wt. % Bi, and 
95 wt. % In 


Bismuth-Indium alloy 


62 to 72 wt. % Bi, and 


67 wt. % Bi, and 
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zo to jo wt. % In 


55 wt. % In 


Bismuth-Indium alloy 


29 to 39% Bi, and 
61 to 71 wt %In 


34 wt. % Bi, and 
66 wt. % In 


Riemnfh Inrliiim Tin ollrk\r 

oiNiiiuin-inuiuin- 1 in aiioy 


JJ lO OJ Wl. /o Dl, 

20 to 30 wt. % In, and 
12 to 22 wt. %Sn 


Wt. 70 Ol, 

wt. % In, and 
wt. % Sn 



At least some of the bismuth alloy that can be used as the connector material 370 
is characterized by relatively low melting temperatures compared to some other metal 
alloys. For example, in some embodiments, the bismuth alloy used is characterized as 
being a "fusible" alloy, meaning that it has a melting point in the range of about 50°C to 
about 260°C. In some embodiments, the alloy has a melting point in the range of about 
200°C or below, or in the range of about 150°C or below. In some embodiments, the 
alloy used is the eutectic alloy for the particular type of alloy being used, meaning that it 
is the particular alloy having the lowest melting point (i.e. eutectic point) that is 
obtainable by varying the proportions of the components of the alloy. Eutectic alloys 
have definite and minimum melting points in contrast to other combinations of the same 
metals. For such eutectic alloys, the minimum melting points as given above would be 
the eutectic melting point. 

The low melting temperatures can be useful when connector material 370 is used 
in conjunction with structural elements that are made of or include temperature sensitive 
material. For example, some nickel-titanium alloys are annealed or shape set by 
exposure to higher temperatures. Therefore, the use of alloys having a lower temperature 
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melting point can help to preserve the desired heat-treat state of structures made of such 
nickel-titanium alloys that need to be connected to other structures. 

Referring to Figure 7, the ends 364/366 of proximal and distal sections 326/328 
and the bismuth alloy connector material 370 are disposed within the lumen defined in 
5 connector 330 in such a manner that the bismuth alloy connector material 370 solidifies 
and expands to exert a compressive force within the lumen. The compressive force 
within the lumen acts to connect connector 330 to ends 364/366 of proximal and distal 
sections 326/328, and thereby connect the proximal and distal sections 326/328 to each 
other. The ends 364/368 of proximal and distal sections 326/328 and the bismuth alloy 

10 connector material 370 can be disposed within the lumen of connector 330 using any 
suitable process or method that allows for such a connection to be formed. For example, 
in some embodiments, a sufficient amount of the bismuth alloy connector material 370 is 
applied to either one or both ends 364/366 and bismuth alloy connector material 370 is 
allowed to solidify. The bismuth alloy connector material 370 can be applied to the ends 

15 364/366 using any suitable process, for example, a hot dipping process, a coating process, 
a spraying process, a plating process, or the like. Ends 364/366 are then inserted into the 
lumen within connector 330 until a dimensional interference is created. The bismuth 
alloy connector material 370 is then heated above its melting point of the bismuth alloy 
connector material 370, and an additional insertion force is applied to sections 326/328 to 

20 provide axial movement of the ends 364/366 further into the connector structure and into 
a bonding position. For example, the distal end 364 of the proximal section 326 and 
proximal end 366 of distal section 328 can be positioned adjacent one another in an 
overlapping or an end-to-end arrangement within connector 330, for example, like the 
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embodiments shown in Figures 4-7. In some embodiments, ends 364/366 are moved into 
the bonding position, some excess bismuth alloy connector material 370 may be 
displaced from within the lumen in connector 330, indicating that the opening or lumen if 
full to capacity. The bismuth alloy connector material 370 is allowed to cool and solidify 
within the lumen. As the bismuth alloy connector material solidifies 370, it expands to 
exert a compressive force within the lumen. The compressive force within the lumen acts 
to provide a mechanical interlock between connector 330 to ends 364/366 of proximal 
and distal sections 326/328, and thereby connect the proximal and distal sections 
326/328 to each other. In most cases, a permanent connection (as opposed to a releasable 
connection) is made. However, due to the nature of the bismuth alloy connector material, 
the joint can be disconnected, or reworked by reheating the connector material and 
separating or reworking the components of the joint. 

Additionally, in some embodiments, as a result of the bismuth alloy expansion 
within the lumen, there may be a slight amount of outward motion of the sections 
326/328 from the lumen of connector 330. In some embodiments, since the amount of 
expansion is very predictable and consistent, the wire components can be sized 
appropriately to compensate for this. Additionally, the bismuth alloy that may solidify 
outside of connector 330 can serve to form or function as strain relief just proximal and 
distal of connector 330. In some embodiments, bismuth alloy that may solidify outside of 
connector 330 may have or be worked to have a constant diameter, which can be 
beneficial for strain relief. 

Once connected, connector 330 and proximal and distal sections 326/328 can be 
worked or formed to provide desired characteristics, such as shape or flexibility 
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characteristics. For example, connector 330 and proximal and distal sections 326/328 can 
be worked, for example, by centerless grinding to provide a smooth and uniform profile 
across. 

Figure 8 depicts device 410 that is similar to device 10 except that covering 432 
includes a coil. The proximal end of coil 432 may be attached to distal section 28 at an 
attachment point 454 using any suitable attachment technique, for example soldering, 
brazing, welding, adhesive bonding, crimping, or the like. The distal end of coil 432 is 
attached to ribbon 446 via a rounded tip portion 448. Rounded tip portion 448 can be 
made of any suitable material, for example a solder tip, a polymer tip, and the like. 

Coil 432 may be made of a variety of materials including metals, metal alloys, 
polymers, and the like. Some examples of material for use in the coil include stainless 
steel, nickel-chromium alloy, nickel-chromium-iron alloy, cobalt alloy, or other suitable 
materials. Some additional examples of suitable material include straightened super 
elastic or linear elastic alloy (e.g., nickel-titanium) wire, or alternatively, a polymer 
material, such as a high performance polymer. In some embodiments, coil 432 can be 
made of a radiopaque materials such as gold, platinum, tungsten, or the like, or alloys 
thereof. Additionally, in some embodiments, a coating, for example a lubricious (e.g., 
hydrophylic) or other type of coating similar to that discussed above may be applied over 
portions or all of coil 432, or other portions of device 410. 

Coil 432 may be formed of round or flat ribbon ranging in dimensions to achieve 
the desired flexibility. In some embodiments, coil 432 may be a round ribbon in the 
range of about 0.001-0.015 inches in diameter, and can have a length in the range of 
about 2 to about 4 inches, or more or less. Coil 432 can be wrapped in a helical fashion 
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by conventional winding techniques. The pitch of adjacent turns of coil 432 may be 
tightly wrapped so that each turn touches the succeeding turn or the pitch may be set such 
that coil 432 is wrapped in an open fashion. In the embodiment shown, coil 432 is 
wrapped such that coil 432 has an open wrap at its proximal end, and includes a tightly 
5 wrapped portion adjacent tip 448. 

As also seen in Figure 8, device 410 may include an inner coil 450 disposed about 
a portion of distal section 28. Inner coil 450 may be coupled to distal section 28 at 
attachment point 452 using any suitable attachment technique, for example soldering, 
brazing, welding, adhesive bonding, crimping, or the like. The distal end of inner coil 

10 450 may remain unattached, may be attached directly to the core, or may be attached to a 
spacer element 456 as shown. Spacer element 456 may be disposed about ribbon 146, 
and can be made of any suitable material, for example metal, metal alloy, or a polymer, 
or the like. In some embodiments, spacer 456 is made of a polymer such as 
polytetrafluroethylene (PTFE). 

15 Inner coil 450 can be made of the same materials, and have the same general 

construction and pitch spacing as discussed above with regard to coil 432 or it may be 
different. In some embodiments, inner coil 450 is made of a radiopaque wire having a 
diameter less than that of the wire used to make the outer coil 432. It will be understood 
by those of skill in the art and others that a broad variety of materials, dimensions, and 

20 structures can be used to construct suitable embodiments, depending upon the desired 
characteristics. 

Figure 9 depicts another example device 510 that demonstrates that additional 
connectors may be used in the construction of shafts. Device 510 is similar to other 
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devices described herein except that it includes a second connector 558 connecting a first 
and second portion 560/562 of distal region 528. Second connector 558 maybe disposed 
distally of connector 530, which connects proximal section 526 to distal section 528. 
However, second connector 558 may be disposed at any suitable location. Moreover, 
5 additional connectors may also be included to connect various sections of device 510. 

It should be understood that this disclosure is, in many respects, only illustrative. 
Changes may be made in details, particularly in matters of shape, size, and arrangement 
of steps without exceeding the scope of the invention. The invention's scope is, of 
course, defined in the language in which the appended claims are expressed. 
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